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SPECIFICATION 

DEVICE AND METHOD FOR MONITORING PROCESS 
EXHAUST GAS, SEMICONDUCTOR MANUFACTURING DEVICE, AND 
5 SYSTEM AND METHOD FOR CONTROLLING SEMICONDUCTOR 

MANUFACTURING DEVICE 

TECHNICAL FIELD 

The present invention relates to a device 

10 and a method for monitoring process exhaust gas, a 

semiconductor manufacturing device equipped with the 
monitoring device, and a system and a method for 
controlling the semiconductor manufacturing device, 
and, more particularly, to a device and a method for 

15 monitoring process exhaust gas by analyzing the gas 
components of various types exhausted during a 
semiconductor manufacturing process, a semiconductor 
manufacturing device equipped with such a monitoring 
device, and a system and a method for controlling 

20 such a semiconductor manufacturing device. 

BACKGROUND ART 

Generally, various types of process gases 
are used in the manufacturing process of a 

25 semiconductor circuit. In a semiconductor 

manufacturing device for manufacturing semiconductor 
devices using process gases, the process conditions 
are monitored so as to process semiconductor wafers 
stably and accurately. The process conditions to be 

30 monitored include the process gas flow rates, the 

pressure and temperature in the process chamber, the 
RF power, the RF reflected wave, the voltage of 
electrostatic chuck, and the coolant gas pressure. 

FIG. 1 is 'a schematic view of the entire 

35 structure of a semiconductor manufacturing device 
including a conventional monitoring device. The 
semiconductor manufacturing device shown in FIG. 1 
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inciudes a RF- p-ta-sma- proce-s-s-i-ng- device- 2, a 
controller 4 for controlling each operation of the 
semiconductor manufacturing device, a power source 
unit 6, a process gas supply device 8, and a gas 
flow meter 10. These devices are arranged in a 
housing 12, and function in cooperation with one 
another as one semiconductor manufacturing device. 

The RF plasma processing device 2 carries 
out a predetermined process using plasma on a 
process object to be processed (e.g., a 
semiconductor wafer) . The process object to be 
processed is subjected to the plasma processing in a 
process chamber 2a. Process gas is supplied as a 
plasma source from the process gas supply device 8 
into the process chamber 2a. Other various gases 
for controlling the process environment in the 
process chamber 2a are also supplied to the process 
chamber 2a. The flow rates of the process gas and 
the other various gases supplied into the process 
chamber 2a are measured and monitored by the gas 
flow meter 10. 

As a result of the processing of the 
process object, exhaust gas is generated in the 
process chamber 2a. Below the process chamber 2a, a 
turbo molecular pump (TMP) 2b is provided to suck 
the exhaust gas from the process chamber 2a and then 
discharge the exhaust gas to an exhauster 14. The 
exhaust gas is then exhausted from a dry pump 16 via 
the exhauster 14 to a device such as a cleaning 
device (not shown) . 

In the semiconductor manufacturing device 
having the above structure, various sensors are 
provided in the RF plasma processing device 2, so as 
to monitor the process conditions. More 
specifically, the RF power and its reflected wave 
supplied to the RF plasma processing device 2 are 
monitored. The pressure and the temperature in the 
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p roc ess chamber 2a of- the ItF plasma processing 
device 2 are also monitored. Furthermore, an 
electrostatic chuck for securing the process object 
to be processed (a semiconductor wafer) is provided 
in the process chamber 2a, and the voltage supplied 
to the electrostatic chuck is monitored. Also, the 
temperature of coolant gas that is supplied to the 
electrostatic chuck and controls the temperature of 
the electrostatic chuck is monitored. In the turbo 
molecular pump 2b for exhausting gas from the 
process chamber 2a, the pressure of the exhaust gas 
is monitored. 

While monitoring those conditions, the 
semiconductor manufacturing device controls each of 
the process conditions in the semiconductor 
manufacturing process, so that a desired process is 
carried out for the process object that is being 
processed. 

In the above conventional monitoring 
device, each of the process conditions is 
individually detected and controlled. More 
specifically, a reference value and a tolerable 
range are set for each of the process conditions, 
and a control operation is performed by adjusting 
the process condition to the reference value or 
maintaining the process condition within the 
tolerable range. Here, each of the process 
conditions is individually controlled, and the 
correlations between the process conditions are not 
taken into consideration and therefore are not 
monitored. 

An actual process carried out for a 
process object is affected by the process conditions 
closely interrelated' with one another. When a large 
number of process objects are continuously processed, 
the process conditions affects one another, and the 
result of the actual process on the process objects 
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might change beyond the tolerable range, even if the 
process conditions change with time only within the 
tolerable range. In such a case, even though the 
actual process conditions as a whole change beyond 
the normal tolerable range, the process for the 
process objects are determined to be properly 
carried out, just because each of the process 
conditions is within each corresponding tolerable 
range. 

In a semiconductor manufacturing device 
using the above conventional monitoring device and 
method, each process object after a process is 
subjected to test analysis to determine whether the 
process object is a proper product, i.e., whether 
the process has been properly performed. In other 
words, in a semiconductor manufacturing device using 
the conventional monitoring device, whether the 
process conditions are in a normal state cannot be 
checked before an actual process is completed. 

A test on a processed object requires a 
certain period of time. For instance, when a large 
number of process objects are continuously processed, 
processed ones are stored until the process for the 
last process one is completed, and all the processed 
objects are then subjected to test analysis at once. 
In this manner, even though the process conditions 
as a whole move outside the normal range, the 
process is continued, as long as each of the process 
conditions is within each corresponding tolerable 
range. As a result, a large number of process 
objects are processed under the abnormal process 
conditions . 

DISCLOSURE OF THE INVENTION 

The general object of the present 
inventions is to provide a device and method for 
monitoring process exhaust gas, a semiconductor 
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i-ng devircre, aird a syste m arrd method for 

controlling semiconductor manufacturing devices, in 
which the above described problems with the prior 
art are eliminated. 

A more specific object of the present 
invention is to provide a process exhaust gas 
monitoring device and method, which compare the 
amount of exhaust gas from a process chamber under 
optimum process conditions with the amount of 
exhaust gas generated during an actual process, and 
detect a change in the gas amount to monitor the 
entire balance among the process conditions, thereby 
performing a process monitoring operation that is 
effective with changes over time. A semiconductor 
15 manufacturing device equipped with the above 

monitoring device is also provided by the present 
invention . 

Another specific object of the present 
invention is to provide a system and method for 
controlling semiconductor manufacturing device, 
which can control the semiconductor manufacturing 
devices with a high precision by accumulating 
analysis data obtained from an exhaust gas analysis 
made in the semiconductor manufacturing devices. 
25 With this system and method, the semiconductor 

manufacturing devices can be efficiently operated. 

To achieve the above objects, one aspect 
of the present invention provides a process exhaust 
gas monitoring device that monitors the amount of 
30 each component of process exhaust gas containing a 
plurality of gas components resulted from a process 
carried out for a process object under predetermined 
process conditions. This monitoring device 
includes: 

35 gas sampling means for sampling the 

process exhaust gas; 

gas analysis means for analyzing each 
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component of The sampled process ex?Taus"t gas"; 

comparison means for comparing an analysis 
result from the gas analysis means with a reference 
analysis result of the process exhaust gas generated 
from a process carried out under reference process 
conditions; and 

detection means for generating and 
outputting a signal indicating a process error, when 
it is determined from the comparison result from the 
comparison means that the amount of at least one gas 
component of the process exhaust gas has changed to 
an amount that is outside a predetermined range set 
around a reference value obtained from the reference 
analysis result. 

With the above device in accordance with 
the present invention, the components of process 
exhaust gas are analyzed to presume that there is an 
error in the process conditions, and if it is 
determined that there is an error, a signal 
indicating a process error is outputted. In 
accordance with this signal, a notification of the 
error occurrence is sent to the operation manager of 
the device, prompting the operation manager to 
adjust the process conditions. The process exhaust 
gas is a product from an actual process carried out 
for the process object, and therefore reflects the 
actual process. Accordingly, compared with a case 
where each item of the process conditions prior to 
the process of the process object is adjusted to a 
target value so as to control the reaction with the 
process object, a more precise control operation for 
the process conditions can be performed by adjusting 
the process conditions based on the components of 
the process exhaust gas reflecting the actual 
reaction with the process object. 

In the above device in accordance with the 
present invention, the gas analysis means is 
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PTBftraWy a Fuxrr±er--traTisforiri tnftrarmf spcctrarcope- 
With the Fourier-transform infrared spectroscope 
employed as an analysis means having a very high 
analysis speed, analysis results can be obtained 
without delay, and the process for the object to be 
processed can promptly reflect the analysis results. 
For instance, if an error is caused in the process 
conditions during a process carried out for process 
objects in a single lot, the process can be 
immediately stopped, and the process conditions can 
be adjusted to the normal state. In this manner, a 
continuous process on a number of process objects 
under the unsuitable process conditions can be 
prevented before too late. 

The process exhaust gas monitoring device 
in accordance with the present invention may further 
include alarm means for giving an alarm in 
accordance with the signal outputted from the 
detection means. 

The process exhaust gas monitoring device 
in accordance with the present invention may further 
include control means for automatically controlling 
the process conditions in accordance with the signal 
outputted from the detection means. 

The process exhaust gas monitoring device 
in accordance with the present invention may further 
include memory means for storing the analysis result 
from the gas analysis means. In this process 
exhaust gas monitoring device, the comparison means 
compares a plurality of analysis results with the 
reference analysis result. 

The process exhaust gas monitoring device 
in accordance with the present invention may further 
include memory means' for storing a plurality of 
reference analysis results. In this process exhaust 
gas monitoring device, the comparison means compares 
each of a plurality of analysis results with each 
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coirrespcmdrng one crE -tire p±uTTrt±ty erf reference - 
analysis results. 

The process exhaust gas monitoring device 
in accordance with the present invention may further 
include switch means for switching process exhaust 
gas passages for sampling the process exhaust gas at 
a plurality of locations. 

The process exhaust gas monitoring device 
in accordance with the present invention may further 
include control means for controlling operations of 
the gas analysis means and the switch means. 

The process exhaust gas monitoring device 
in accordance with the present invention may further 
include comparison result memory means for storing a 
comparison data resulted from the comparison means. 
In this process exhaust gas monitoring device, the 
comparison means performs a comparison operation for 
each process by supplying a signal from outside to 
the control means, and the comparison result memory 
means stores the comparison data from each process. 

The process exhaust gas monitoring device 
in accordance with the present invention may further 
include: nitrogen gas supply means for introducing 
nitrogen gas used in a zero calibration operation 
for the Fourier-transform infrared spectroscope to 
gas introduction means of the Fourier-transform 
infrared spectroscope; and zero-calibration control 
means for controlling the nitrogen gas supply means 
so that a zero calibration operation is performed at 
predetermined regular intervals. 

The process exhaust gas monitoring device 
in accordance with the present invention may further 
include flow rate adjustment means for adjusting a 
flow rate of a gas flowing from the gas sampling 
means to the gas analysis means. This flow rate 
adjustment means is interposed between the gas 
sampling means and the gas analysis means. 
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; The process exhaust gars monitor ing device" 
in accordance with the present invention may further 
include alarm means for giving an alarm when the 
flow rate of the gas flowing from the gas sampling 
5 means to the gas analysis means is outside a 
predetermined range. 

In the process exhaust gas monitoring 
device in accordance with the present invention, a 
process device that generates the process exhaust 

10 gas includes a vacuum pump for exhausting the 
process exhaust gas. This process exhaust gas 
monitoring device may further include constant flow 
rate control means for supplying a constant flow 
rate of inert gas to the vacuum pump. 

15 Another aspect of the present invention 

provides a semiconductor manufacturing device that 
includes : 

a process chamber for processing a process 
object under predetermined process conditions; 

20 exhaust means for exhausting process 

exhaust gas generated in the process chamber; and 
the above described process exhaust gas 
monitoring device that is connected to the exhaust 
means and monitors the process exhaust gas sampled 

2 5 through the exhaust means. 

With the above device in accordance with 
the present invention, the components of process 
exhaust gas are analyzed to presume that there is an 
error in the process conditions, and if it is 

30 determined that there is an error, a signal 
indicating a process error is outputted. In 
accordance with this signal, a notification of the 
error occurrence is sent to the operation manager of 
the device, prompting the operation manager to 

35 adjust the process conditions. The process exhaust 
gas is a product from an actual process carried out 
for the process object, and therefore reflects the 
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actiial process . A'ccbrdlngXy / cdmparea witn a case 
where each item of the process conditions prior to 
the process of the process object is adjusted to a 
target value so as to control the reaction with the 
process object, a more precise control operation for 
the process conditions can be performed by adjusting 
the process conditions based on the components of 
the process exhaust gas reflecting the actual 
reaction with the process object. 

Yet another aspect of the present 
invention provides a method of monitoring process 
exhaust gas containing a plurality of gas components 
generated from a process carried out for a process 
object under predetermined process conditions. This 
method includes the steps of: 

sampling the process exhaust gas; 
analyzing the components of the sampled 
process exhaust gas; 

comparing the gas analysis result with a 
reference analysis result of an analysis of process 
exhaust gas generated as a result of a process 
carried out under reference process conditions; and 

generating and outputting a signal 
indicating a process error when it is determined 
that the amount of at least one gas component of the 
process exhaust gas has changed to an amount that is 
outside a predetermined range set around a reference 
value obtained from the reference analysis result. 

With the above method in accordance with 
the present invention, the components of process 
exhaust gas are analyzed to presume that there is an 
error in the process conditions, and if it is 
determined that there is an error, a signal 
indicating a process error is outputted. In 
accordance with this signal, a notification of the 
error occurrence is sent to the operation manager of 
the device, prompting the operation manager to 
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adj ust the process conditions. "The pircrcess exhaust 
gas is a product from an actual process carried out 
for the process object, and therefore reflects the 
actual process. Accordingly, compared with a case 
5 where each item of the process conditions prior to 
the process of the process object is adjusted to a 
target value so as to control the reaction with the 
process object, a more precise control operation for 
the process conditions can be performed by adjusting 

10 the process conditions based on the components of 
the process exhaust gas reflecting the actual 
reaction with the process object. 

In the above process exhaust gas 
monitoring method, the step of analyzing the 

15 components of the process exhaust gas may be carried 
out by a Fourier-transform infrared spectroscope. 

The above process exhaust gas monitoring 
method may further include the step of giving an 
alarm in accordance with the signal indicating a 

20 process error. 

The above process exhaust gas monitoring 
method may further include the step of automatically 
adjusting process conditions in accordance with the 
signal indicating a process error. 

25 Still another aspect of the present 

invention provides a semiconductor manufacturing 
device control system that includes: 

a semiconductor manufacturing device that 
exhausts exhaust gas during an operation; 

30 a monitoring device for sending analysis 

data obtained from an analysis made by a Fourier- 
transform infrared spectroscope on the components of 
the exhaust gas from the semiconductor manufacturing 
device, the analysis data being sent to a data 

35 communication network; and 

data accumulation control means that 
receives the analysis data from the data 
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co'rrmun Teat ion network, determines from the analysis 
data whether an error exists in process conditions 
of the semiconductor manufacturing device, transmits 
a signal indicating an error with a presumed cause 
5 of the error to the monitoring device via the data 
communication network, and accumulates and registers 
the analysis data in a database. 

With the above system in accordance with 
the present invention, the analysis data obtained 

10 from the analysis of exhaust gas components by the 
Fourier-transform infrared spectroscope are 
registered in the database of the data accumulation 
control means via the data communication, network. 
More specifically, the analysis data from various 

15 semiconductor manufacturing devices in actual 

operation at a device manufacturer are immediately 
registered in the database. The analysis data are 
then analyzed based on the database, so that an 
error detecting operation for the process conditions 

20 can be performed with a high precision. The 
detection result is immediately sent to each 
corresponding semiconductor manufacturing device via 
the data communication network. In this manner, the 
operation manager of each semiconductor 

25 manufacturing device can be promptly notified of an 
error. 

In the above semiconductor manufacturing 
device control system in accordance with the present 
invention, the data accumulation control means may 

30 transmit the signal indicating an error and 

accessory information related to the error to the 
monitoring device. In this system, the monitoring 
device displays the error in the process conditions 
and the cause of the error on a display screen in 

35 accordance with the signal indicating the error, and 
also displays information related to the error on 
the display screen in accordance with the accessory 
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inf ormation . 

With this system in accordance with the 
present invention, the operation manager of each 
semiconductor manufacturing device can also be 
5 provided with information concerning the error, and 
suitable measures can be immediately taken against 
the error or any danger accompanying the error. 

Yet another aspect of the present 
invention provides a method of controlling a 
10 semiconductor manufacturing device. This method 
includes the steps of: 

sending analysis data obtained from an 
analysis made by a Fourier-transform infrared 
spectroscope on components of exhaust gas exhausted 
15 from the semiconductor manufacturing device, the 
analysis data being sent to a data communication 
network; 

determining from the analysis data sent 
from the data communication network whether an error 

20 exists in process conditions for the semiconductor 
manufacturing device ; 

transmitting a signal indicating an error 
and an presumed cause of the error in the process 
conditions to the semiconductor manufacturing device 

25 via the data communication network; and 

accumulating and registering the analysis 
data in a database. 

With the above method in accordance with 
the present invention, the analysis data obtained 

30 from the analysis of exhaust gas components by the 
Fourier-transform infrared spectroscope are 
registered in the database of the data accumulation 
control means via the data communication network. 
More specifically, the analysis data from various 

35 semiconductor manufacturing devices in actual 

operation at a device manufacturer are immediately 
registered in the database. The analysis data are 
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then a r 1 a 1 y zed 'based on trher 'datab~a:se , s*a that an 
error detecting operation for the process conditions 
can be performed with a high precision. The 
detection result is immediately sent to each 
5 corresponding semiconductor manufacturing device via 
the data communication network. In this manner, the 
operation manager of each semiconductor 
manufacturing device can be promptly notified of an 
error . 

10 In the above semiconductor manufacturing 

device control method in accordance with the present 
invention, the signal indicating an error may be 
provided with accessory information related to the 
error and then transmitted to the data communication 

15 network. In this method, the error in the process 
conditions and the cause of the error are reported 
to an operation manager in accordance with the 
signal indicating the error, and information related 
to the error is also reported to the operation 

20 manager in accordance with the accessory information. 
With this accessory information, the operation 
manager of each semiconductor manufacturing device 
can also be provided with the information concerning 
the error, and suitable measures can be immediately 

25 taken against the error or any danger accompanying 
the error. 

Still another aspect of the present 
invention provides another method of controlling a 
semiconductor manufacturing device. This method 
30 includes the steps of: 

sending analysis data obtained from an 
analysis made by a Fourier-transform infrared 
spectroscope on components of exhaust gas exhausted 
from the semiconductor manufacturing device in 
35 operation, the analysis data being sent instantly to 
an analysis center; 

constructing a database by accumulating 
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thre" arrariy~s^3 dara from a picrrality o:f rernl^tmifirffCor 
manufacturing devices in the analysis center; and 

controlling each of the plurality of 
semiconductor manufacturing devices in accordance 
5 with the database. 

With the above method in accordance with 
the present invention, semiconductor manufacturing 
devices in operation at a factory of a semiconductor 
device manufacturer can be managed at the analysis 

10 center- In the analysis center, the database is 
constructed by gathering and accumulating the 
analysis data supplied from the semiconductor 
manufacturing devices in operation at the 
semiconductor device manufacturer. Using this 

15 database, a high-precision managing operation can be 
performed for the semiconductor manufacturing 
devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 FIG. 1 is a schematic view of the entire 

structure of a semiconductor manufacturing device 

that includes a conventional monitoring device; 

FIG. 2 is a schematic view of the entire 

structure of a process exhaust gas monitoring device 
25 in accordance with a first embodiment of the present 

invention ; 

FIG. 3 is a schematic view of the 
structure of a monitoring device that includes a 
nitrogen gas supply means; 
30 FIG. 4 shows the structure of gas passages 

in the monitoring device; 

FIG. 5 shows the signal flows in the 
monitoring device ; 

FIG. 6 is *a part of a flowchart showing 
35 the operation of the monitoring device; 

FIG. 7 is another part of a flowchart 
showing the operation of the monitoring device; 
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FIG. 8 is "yeiT another part" of "a - f'lowcHart 
showing the operation of the monitoring device; 

FIG. 9 is a timing chart showing the 
timings for the processing in the process device and 
5 the sampling in the monitoring device; 

FIG. 10 is a block diagram showing the 
entire structure of a semiconductor manufacturing 
system that includes a process exhaust gas 
monitoring device in accordance with a second 
10 embodiment of the present invention; 

FIG. 11 shows a monitoring function of the 
monitoring device of the second embodiment; 

FIG. 12 shows the operation of each part 
of the monitoring device when a process monitoring 
15 operation is performed; 

FIG. 13 shows the operation of each part 
of the monitoring device when a gas flow rate 
checking operation is performed; 

FIG. 14 shows the operation of each part 
20 of the monitoring device when a moisture content 
checking operation is performed; 

FIG. 15 shows the operation of an APC 
controller in the monitoring device when a 
preparatory maintenance support operation is 
2 5 performed; 

FIG. 16 is a graph showing the 
fluctuations of the flow rates of exhaust gas 
components when the pressure in a process chamber 
fluctuates ; 

30 FIG. 17 is a graph showing the 

fluctuations of the flow rates of exhaust gas 
components when the RF power supplied to a process 
chamber fluctuates ; 

FIG. 18 is a graph showing the 

35 fluctuations of the flow rates of exhaust gas 
components when the flow rate of C 5 F 8 among the 
process gases supplied to a process chamber 
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fluctuates; 

FIGS- 19A through 19D are graphs showing 
the flow rate fluctuations of exhaust gas components 
and the tolerable ranges thereof, with respect to 
5 parameters; 

FIG- 20 shows the analysis results 
obtained from the graphs of FIGS. 19A through 19D; 

FIG. 21 shows the entire structure of a 
semiconductor manufacturing device control system in 
10 accordance with a third embodiment of the present 
invention ; 

FIG. 22 shows an example of the display 
screen of the monitoring device; and 

FIG. 23 shows the entire structure of a 
15 process device in accordance with a fourth 
embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The following is a description of 
20 embodiments of the present invention, with reference 
to the attached drawings. 

FIG. 2 is a schematic view of the entire 
structure of a process exhaust gas monitoring device 
in accordance with a first embodiment of the present 
25 invention. In FIG. 2, the same parts as in FIG. 1 
are denoted by the same reference numerals, and 
explanation for those parts will be omitted. 

A process exhaust gas monitoring device 20 
in accordance with the first embodiment of the 
30 present invention samples exhaust gas from a RF 

plasma processing device 2 through an exhaust gas 
sampling pipe 22 (gas sampling means) connected to 
the outlet piping part of a dry pump 16. The 
exhaust gas sampling pipe 22 is connected to a 
35 Fourier-transform infrared spectroscope (FT-IR) 26 
(gas analysis means) via a valve box 24 (switch 
means) . The exhaust gas introduced into the 



courier-transform Ihtrared~ spectf b~scope 2T6 via the 
exhaust gas sampling pipe 22 and the valve box 24 is 
then subjected to spectrum analysis so as to 
determine the gaseous components contained in the 
exhaust gas and the amount of each of the gaseous 
components. The analyzed exhaust gas is returned to 
the output part of the dry pump 16 via the sampled 
gas exhausting pipe 28, and then is discharged to a 
cleaner device (not shown) . 

The monitoring device 20 is provided with 
a FT-IR valve controller 30 (control means) , which 
will be hereinafter referred to simply as 
^controller 30". The controller 30 controls the 
operation of the Fourier-transform infrared 
spectroscope 26 and the operation of the valve box 
24, in accordance with a process signal supplied 
from a controller 4 of a semiconductor manufacturing 
device via a process signal line 32. 

In the monitoring device having the above 
structure, the Fourier-transform infrared 
spectroscope 26 analyses the exhaust gas from the 
semiconductor manufacturing device, and the analysis 
result data is outputted to the controller 30. The 
controller 30 in turn compares the analysis result 
data with reference data. If the amount of at least 
one component of the exhaust gas greatly deviates 
from the reference value or does not fall in the 
reference range, the controller 30 outputs an error 
signal to the controller 4 of the semiconductor 
manufacturing device via an error signal line 34. 

The controller 4, which has received the 
error signal, notifies the operator of the 
semiconductor manufacturing device that there is an 
error in the process conditions, by means of an 
alarm device (alarm means) of the semiconductor 
manufacturing device. The alarm device may be a 
display or an alarm buzzer provided in the 



sisnricrandtxctorr m^rrafa'ctUTtng dtevtce . 

In the above manner, the monitoring device 
20 detects an error in the process conditions from 
the exhaust gas exhausted from the semiconductor 
manufacturing device, and gives an alarm. The 
amount of each gaseous component in the exhaust gas 
heavily depends on the actual process carried out 
for a process object that is being processed. If 
there is a great change in the gaseous components in 
the exhaust gas, it can be considered that the 
process on the process carried out for the process 
object has been changed. 

In the monitoring device 20 in accordance 
with the present invention, the Fourier-transform 
infrared spectroscope 26 is employed as the gas 
analysis unit. The Fourier-transform infrared 
spectroscope 26 can make a high-speed gas component 
analysis while the process object is processed. In 
a case where the process conditions change with time 
while the semiconductor manufacturing device is 
operating, an error in the process conditions of the 
semiconductor manufacturing device can be instantly 
detected (i.e., a defective device is produced), and 
an alarm can be given based on the detection. When 
an alarm is given, the operator of the semiconductor 
manufacturing device stops the operation so as to 
avoid the production of a defective device. The 
process conditions for the semiconductor 
manufacturing device are then adjusted, and the 
operation of the semiconductor manufacturing device 
is resumed. 

The turbo molecular pump 2b and the dry 
pump 16 for exhausting exhaust gas from the 
semiconductor manufacturing device is constantly 
provided with nitrogen gas, which is not shown in 
FIG. 2, though. The nitrogen gas is supplied to 
maintain the turbo molecular pump 2b and the dry 
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pump lb Trl a stable operation §Tat^\ fm~e~r^ the 
present invention is applied, the amount (or the 
concentration) of each gas component in the exhaust 
gas is analyzed, and, therefore, the amount of 
nitrogen gas supplied to those vacuum pumps should 
be fixed at a constant level. 

To do so, a mass flow controller as a 
constant flow control unit is attached to the valve 
box 24, so that a fixed amount of nitrogen gas can 
be constantly supplied to the turbo molecular pump 
2b and the dry pump 16. FIG. 3 is a schematic view 
of the monitoring device including the supply of the 
nitrogen gas. As shown in FIG. 3, the nitrogen gas 
is supplied from a nitrogen gas source 36 to the 
turbo molecular pump 2b and the dry pump 16 via a 
mass flow controller (MFC) 38. In this embodiment, 
the mass flow controller 38 is mounted to the valve 
box 24. 

Referring now to FIG. 4, the structure of 
the monitoring device will be described in greater 
detail. 

The monitoring device 20 of this 
embodiment shown in FIG. 4 monitors exhaust gas 
exhausted from four semiconductor manufacturing 
devices. Therefore, four exhaust gas sampling pipes 
22-1 through 22-4 are employed, and are connected to 
a gas introduction unit (a gas cell) 26a of the 
Fourier-transform infrared spectroscope 26 via 
switch valves 40-1 through 40-4 (switch means) , 
respectively. The switch valves 40-1 through 40-4 
are air-driven open-close valves. The compressed 
air for valve driving is supplied to each 
corresponding one of the switch valves 40-1 through 
40-4 via solenoid valves SV1 through SV5 that are 
controlled by an open-close signal supplied from the 
controller 30. 

For instance, when the exhaust gas sampled 



through the exhaust gas sampling pipe 2~2-l Tn the 
above structure including the switch valves 40-1 
through 4P-4, only the switch valve 40-1 is opened, 
while the other switch valves 40-2 through 40-4 
remain closed. In this manner, only one of the 
switch valves 40-1 through 40-4 is opened while the 
other switch valves remain closed, so that the 
exhaust gas sampled through a desired exhaust gas 
sampling pipe, i.e., the exhaust gas exhausted from 
a desired process chamber, can be analyzed. 

Prior to the gas analysis and measurement, 
it is necessary to perform a zero calibration or a 
zero-point adjustment on the Fourier-transform 
infrared spectroscope 26. The zero calibration is 
carried out by supplying nitrogen gas to the gas 
introduction unit 26a. The valve box 24 is provided 
with an open-close valve 42 for supplying the zero- 
calibration nitrogen gas to the gas introduction 
unit 26a of the Fourier-transform infrared 
spectroscope 26. More specifically, the nitrogen 
gas for zero calibration is supplied from a nitrogen 
gas source to the Fourier-transform infrared 
spectroscope 26 via a regulator 41 and the open- 
close valve 42. The open-close valve 42 is opened 
to supply the nitrogen gas to the gas introduction 
unit 26a, only when the zero calibration is carried 
out. 

The exhaust gas or the zero-calibration 
nitrogen gas introduced into the gas introduction 
unit 2 6a is sucked by a vacuum pump 44 provided in 
the valve box 24, and then is exhausted. 

Like the switch valves 40-1 through 40-4, 
the open-close valve 42 is driven by the compressed 
air supplied via the solenoid valve SV5 controlled 
by an open-close signal transmitted from the 
controller 30. 

As described above, to supply nitrogen to 
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the turbo molecular pump 2b and the dry pump 16, 
mass flow controllers (MFC) 48-1 through 48-4 are 
provided in the valve box 24. The mass flow 
controllers 48-1 through 48-4 are flow meters that 
can control the flow rates at a constant level, and 
set each flow rate in accordance with a signal 
transmitted from the controller 30. As the four 
semiconductor manufacturing devices each having a 
process chamber are connected in this embodiment, 
the four mass flow controllers 48-1 through 48-4 are 
employed to supply a constant flow rate of nitrogen 
gas to the turbo molecular pump 2b and the dry pump 
16 of each corresponding one of the semiconductor 
manufacturing devices. More specifically, the 
nitrogen gas is supplied from the nitrogen gas 
source to the mass flow controllers 48-1 through 48- 
4 via the regulator 50 and the open-close valves 52- 
1 through 52-4, and the nitrogen gas of the flow 
rate controller by the mass flow controllers 48-1 
through 48-4 is supplied to each corresponding one 
of the semiconductor manufacturing devices (to the 
dry pump and the turbo molecular pump of each of the 
chambers 1 through 4) . 

Referring now to FIG. 5, the operations of 
the monitoring device 20 in accordance with this 
embodiment will be described. 

In FIG. 5, a process device 60 is a device 
that performs a predetermined operation on a 
semiconductor substrate such as a silicon wafer. 
Various information and signals related to the 
operation performed in the process device 60 are 
supplied to the FT— IR valve controller 30. The 
information and signals supplied from the process 
device 60 to the FT-IR valve controller 30 include 
lot information of wafers to be processed, 
information related to an operation for each wafer, 
flow rate information for controlling the mass flow 



controllers 48-1 through- 48-4-, and signals for 

checking the operations of the mass flow controllers 
48-1 through 48-4. 

Based on the information and signals 
supplied from the process device 60, the FT-IR valve 
controller 30 supplies operation signals and flow 
rate setting signals to the valve box 24. More 
specifically, the operations of the open-close 
valves 40-1 through 40-4, 42, and 52-1 through 52-4, 
the operations of the solenoid valves SV1 through 
SV5 , and the operations of the mass flow controllers 
48-1 through 48-4 are controlled based on the 
signals supplied from the FT-IR valve controller 30. 
By doing so, nitrogen gas (N2) is supplied to the 
process device 60 to dilute process exhaust gas to a 
predetermined concentration. This diluted process 
exhaust gas is sampled and then supplied to the 
Fourier-transform infrared spectroscope 26 via the 
valve box 24. 

Based on the information and signals 
supplied from the process device 60, the FT-IR valve 
controller 30 also supplies operation signals to the 
Fourier-transform infrared spectroscope 26 so as to 
actuate the Fourier-transform infrared spectroscope 
26. By doing so, the concentration of a 
predetermined component of the sampled exhaust gas 
sampled from the process exhaust gas in the process 
device 60 is analyzed by the Fourier-transform 
infrared spectroscope 26. The analysis result of 
the exhaust gas component is then sent from the 
Fourier-transform infrared spectroscope 26 to the 
FT-IR valve controller 30. 

Upon receipt of the exhaust gas component 
analysis result, the FT-IR valve controller 30 
compares the concentration of the gas component 
contained in the exhaust gas component analysis 
result with a reference value. If the concentration 



of the gas component contained in the exhaust'gas 
component analysis result is determined to be 
greatly different from the reference value or 
greatly deviate from a predetermined range 
containing the reference value, the FT-IR valve 
controller 30 outputs an exhaust gas component error 
signal to the process device 60. The FT-IR valve 
controller 30 may also outputs the exhaust gas 
component analysis result to an external device . 

During the operation of the monitoring 
device 20, the valve box 24 supplies a contact 
signal of each flow meter to the FT-IR valve 
controller 30. Based on the contact signal, the FT- 
IR valve controller 30 determines whether each flow 
meter is properly operating. If one of the flow 
meters is not properly operating, the FT-IR valve 
controller 30 transmits an MFC flow rate error 
signal to the process device 60. 

The valve box 24 is controlled by the 
operation signals from the FT-IR valve controller 30 
to supply nitrogen (N 2 ) to the Fourier-transform 
infrared spectroscope 26. By doing so, the zero 
calibration or the zero-point adjustment is carried 
out for the Fourier-transform infrared spectroscope 
26. 

The exhaust gas sample analyzed in the 
Fourier-transform infrared spectroscope 26 is 
returned to the process device 60 via the valve box 
24, and then exhausted from the process device 60. 

Referring now to FIGS. 6 through 9, the 
operations of the monitoring device 20 of this 
embodiment will be described in greater detail. 
FIGS. 6 through 8 are a flowchart showing the 
operations of the monitoring device 20. FIG. 9 is a 
timing chart showing the timings for the processing 
in the process device 60 and the sampling in the 
monitoring device 20. 
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As sTiowh In FTG. 6, In the Initial" state, 
the power source of the FT-IR valve controller 30 is 
on, all the valves in the valve box 24 are closed, 
and the vacuum pump 44 is stopped. Here, the 
initial display image is displayed on a screen 
mounted to the FT-IR valve controller 30 or a screen 
mounted to a semiconductor manufacturing device. 

In this initial display image, an operator 
is required to select one of the four modes 
consisting of a remote mode, a manual mode, a 
maintenance mode, and a local mode. 

The remote mode is a mode for operating 
the monitoring device 20 under automatic sequence 
control. In the remote mode, the monitoring device 
20 is automatically operated by a predetermined 
program. 

The manual mode is a mode for manually 
operating the monitoring device 20, and is selected 
when the zero-point of the Fourier-transform 
infrared spectroscope 26 is adjusted in the initial 
adjustment process or the sampling is manually 
carried out. Also, the manual mode is selected when 
the zero-point of the Fourier-transform infrared 
spectroscope 26 is adjusted after a regular checkup, 
a repair, or an emergency stop. 

After the manual mode is selected in step 
S200, the vacuum pump 44 is actuated in step S202, 
and the Fourier-transform infrared spectroscope 26 
is set in a remote control mode in step S204. A 
zero-point adjustment operation or a sampling 
operation is selected. If the zero-point adjustment 
operation is selected in step S206, the open-close 
valve 42 for zero-point adjustment is opened in step 
S208. Nitrogen gas is then supplied to the gas 
introduction unit 26a of the Fourier-transform 
infrared spectroscope 26 to perform the zero-point 
adjustment operation in step S210. After the zero- 
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polnt adjustment Is compTet ~cf, the bpen-cXose valve 
42 for zero-point adjustment is closed in step S212, 
and the zero-point adjustment operation comes to an 
end in step S214. 

If the sampling operation is selected in 
step S220, the corresponding one of the open-close 
valves 52-1 through 52-4 and 22-1 through 22-4 to 
the desired process device is opened in step S222, 
and the sampling of exhaust gas is carried out in 
step S224. After the sampling is completed, the 
open-close valve is closed in step S226, and the 
sampling operation comes to an end in step S228. 

If the maintenance mode is selected in 
step S300, an operator is required to select a data 
and information setting operation or a data history 
editing operation. 

If the data setting operation is selected 
in step S302, an operator changes or sets the 
desired data or information in step S304, and 
registers the data or information in step S306. The 
data or information to be changed or set include the 
setting of reference data for comparison of each gas 
component, the setting of data related to alarms, 
the setting of an alarm range of each gas component, 
the setting of the sampling data history. On the 
other hand, if the data history editing operation is 
selected in step S310, the history is stored in step 
S312, and the unnecessary history is erased in step 
S314. 

If the local mode is selected from the 
initial display image in step S400, the signal 
supply to the FT-IR valve controller 30 is stopped 
in step S402, and the Fourier-transform infrared 
spectroscope 26 is controlled to operate only in 
5 response to an input from an operator in step S404. 

On the other hand, if the remote mode is 
selected from the initial display mode in step S10, 
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the vacuum pump 44 is actuated In step STZ. The 
Fourier-transform infrared spectroscope 26 is then 
set in a remote control mode in step S14, and the 
automatic sampling and the gas component analysis 
5 are started in step S16. 

After the automatic operations are started, 
the zero-point adjustment operation is performed for 
the Fourier-transform infrared spectroscope 26. 
More specifically, the open-close valve 42 for zero- 
10 point adjustment is opened in step S18, and the 
nitrogen gas is supplied to the gas introduction 
unit 26a of the Fourier-transform infrared 
spectroscope 26. The zero-point adjustment timer 
that has a predetermined open time for the open- 
15 close valve 42 is set in step S20, and the zero- 
point adjustment operation is performed. After the 
predetermined open time is measured by the zero- 
point adjustment timer, the open-close valve 42 for 
zero-point adjustment is closed in step S22, and the 
20 zero-point adjustment operation comes to an end in 
step S24. 

The operation of the monitoring device 20 
then moves on to the procedures shown in FIG. 7. 
More specifically, after the zero-point adjustment 

25 operation is completed, the monitoring device 20 is 
put in a stand-by state for the exhaust gas sampling 
in step S26, and waits for a signal to start the 
sampling in a signal-waiting state in step S28. 
Here, to perform the zero-point adjustment operation 

30 at regular intervals, a timer is set. In this 

embodiment, a 6-hour timer is set to perform the 
zero-adjustment operation every 6 hours in step S30. 
By doing so, the zero-point adjustment operation for 
the Fourier-transform infrared spectroscope 26 is 

35 automatically performed after the first zero-point 
adjustment operation is completed, so that the zero 
point is maintained with precision. 



( 



( 



-28- 

? 
t 

When a signal is received in the signal 
waiting state in step S34, it is determined whether 
the received signal is a process start signal from 
the charnber-1 in step S36. If the received signal 
5 is a process start signal from the chamber-1, the 
received signal is accepted in step S38. If the 
received signal is not a process start signal from 
the chamber-1, it is determined whether the received 
signal is a process start signal from the chamber-2 
10 in step S42. If the received signal is a process 

start signal from the chamber-2, the received signal 
is accepted in step S44. 

If the received signal is not a process 
start signal from the chamber-2, it is determined 
15 whether the received signal is a process start 
signal from the chamber-3 in step S46. If the 
received signal is a process start signal from the 
chamber-3, the received signal is accepted in step 
S48. If the received signal is not a process start 
20 signal from the chamber-3, it is then determined 
whether the received signal is a process start 
signal from the chamber-4 in step S50. If the 
received signal is a process start signal from the 
chamber-4, the received signal is accepted in step 
25 S52. 

If the received signal is not a process 
start signal from the chamber-4, it is then 
determined whether the received signal is a zero 
calibration signal in step S54. If the received 

30 signal is a zero calibration signal, the received 
signal is accepted in step S56. 

A priority order is given to the signals 
accepted in steps S38, S44, S48, and S52 . If a 
plurality of process start signals and a zero 

35 calibration signal are received substantially at the 
same time in step S34, the priority order is set so 
as to perform the operations in accordance with the 
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signals in order. In this embodiment, the highest 
priority is given to the chamber-1, followed by the 
chamber-2, the chamber-3, the chamber-4, and the 
zero calibration, in this order. 
5 As shown in FIG. 9, when an automatic 

sampling operation by the monitoring device 20 is 
started, the operations of the chambers (1) through 
(4) are also started substantially at the same time, 
and therefore the process start signals from the 

10 chambers (1) through (4) are sent to the monitoring 
device 20 substantially at the same time. As the 
sampling of exhaust gas requires approximately 25 
seconds, the Fourier-transform infrared spectroscope 
26 is occupied by each one chamber at least 25 

15 seconds. It is therefore necessary to set a 

priority order and perform the sampling operation 
for one chamber at a time, in a case where a 
plurality of process start signals are received 
substantially at the same time. As one operation by 

20 one chamber requires approximately 200 seconds, 25 

seconds can be allowed for sampling exhaust gas from 
each of the four chambers. From the second 
operation, the process start timing differs among 
the four chambers, and it becomes rare to receive a 

25 plurality of process start signals at the same time. 

After the priority order is set for the 
exhaust gas sampling operation, signals are again 
received in the priority order in step S40. 

It is then determined whether the received 

30 signal is a process start signal from the chamber-1 
in step S58. If the received signal is a process 
start signal from the chamber-1, the sampling of the 
exhaust gas exhausted from the chamber-1 is 
performed. More specifically, the open-close valve 

35 40-1 is opened to introduce the exhaust gas from the 
chamber-1 into the gas introduction unit 26a of the 
Fourier-transform infrared spectroscope 26 in step 
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S60 . 

As the open-close valve 40-1 is opened, 
the timer is started in step S62 , and the open time 
for the open-close valve 40-1 is set. The open time 
5 for the open-close valve 40-1 is approximately 25 

seconds, as shown in FIG. 9, and the sampling of the 
exhaust gas exhausted from the chamber-1 is 
performed in this timeframe. After the period of 
time set by the timer has passed, the open-close 

10 valve 40-1 is closed in step S64, and the received 
signal is cleared in step S68. 

If the received signal is not a process 
start signal from the chamber-1, it is determined 
whether the received signal is a process start 

15 signal from the chamber-2 in step S72. If the 

received signal is a process start signal from the 
chamber-2 , the sampling of the exhaust gas exhausted 
from the chamber-2 is performed. More specifically, 
the open-close valve 40-2 is opened to introduce the 

2 0 exhaust gas from the chamber-2 into the gas 

introduction unit 26a of the Fourier-transform 
infrared spectroscope 26 in step S74. 

As the open-close valve 40-2 is opened, 
the timer is started in step S76, and the open time 

25 for the open-close valve 40-2 is set. The open time 
allocated for the open-close valve 40-2 is 
approximately 25 seconds, as shown in FIG. 9, and 
the sampling of the exhaust gas exhausted from the 
chamber-2 is performed in this timeframe. After the 

30 period of time set by the timer has passed, the 

open-close valve 40-2 is closed in step S78, and the 
received signal is cleared in step S80. 

If the received signal is not a process 
start signal from the chamber-2, it is then 

35 determined whether the received signal is a process 
start signal from the chamber-3 in step S82. If the 
received signal is a process start signal from the 
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chamber-3 , the sampling of the exhaust gas exhausted 
from the chamber-3 is performed. More, specifically, 
the open-close valve 40-3 is opened to introduce the 
exhaust gas from the chamber-3 into the gas 
5 introduction unit 26a of the Fourier-transform 
infrared spectroscope 26 in step S84. 

As the open-close valve 40-3 is opened, 
the timer is started in step S86, and the open time 
for the open-close valve 40-3 is set. The open time 

10 allocated for the open-close valve 40-3 is 

approximately 25 seconds, as shown in FIG. 9, and 
the sampling of the exhaust gas exhausted from the 
chamber-3 is performed in this timeframe. After the 
period of time set by the timer has passed, the 

15 open-close valve 40-3 is closed in step S88, and the 
received signal is cleared in step S90. 

If the received signal is not a process 
start signal from the chamber-3, it is then 
determined whether the received signal is a process 

20 start signal from the chamber-4 in step S92. If the 
received signal is a process start signal from the 
chamber-4, the sampling of the exhaust gas exhausted 
from the chamber-4 is performed. More specifically, 
the open-close valve 40-4 is opened to introduce the 

25 exhaust gas from the chamber-4 into the gas 

introduction unit 26a of the Fourier-transform 
infrared spectroscope 26 in step S94. 

As the open-close valve 40-4 is opened, 
the timer is started in step S96, and the open time 

30 for the open-close valve 40-4 is set. The open time 
allocated for the open-close valve 40-4 is 
approximately 25 seconds, and the sampling of the 
exhaust gas exhausted from the chamber-4 is 
performed in this timeframe. After the period of 

35 time set by the timer has passed, the open-close 

valve 40-4 is closed in step S98, and the received 
signal is cleared in step S100. 



c 



-32- 



If the received signal is not a process 
start signal from the chamber-4, it is then 
determined whether the received signal is a zero 
calibration signal in step S102. If the received 
5 signal is a zero calibration signal , the zero-point 
adjustment operation for the Fourier-transform 
infrared spectroscope 26 is performed. More 
specifically, the open-close valve 42 is opened to 
introduce nitrogen gas from the nitrogen gas source 

10 into the gas introduction unit 26a of the Fourier- 
transform infrared spectroscope 26 in step S104. 

As the open-close valve 42 is opened, the 
timer is started in step S106, and the open time for 
the open-close valve 42 is set. The zero 

15 calibration operation for the Fourier-transform 
infrared spectroscope 26 is performed in this 
timeframe. After the period of time set by the 
timer has passed, the open-close valve 42 is closed 
in step S108, and the received signal is cleared in 

20 step S110. The monitoring device 20 is then put 
into a measurement waiting state in step S120. 

As the receives signal is cleared in each 
of steps S68, S80, S90 , and S100 f the sampled 
exhaust gas is subjected to gas analysis, and the 

25 analysis result is obtained in step S70. The 

analysis result is stored in step S112, while it is 
determined whether each component of the exhaust gas 
is to be compared with a reference value in step 
S114. If the comparison with a reference value is 

30 made, it is then determined whether the analysis 

result is within a tolerable range with respect to 
the reference value in step S116. If the analysis 
result is within the tolerable range, the monitoring 
device 20 is put in 'the measurement waiting state in 

35 step S120. 

If the analysis result is outside the 
tolerable range, an alarm signal indicating an error 
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is sent to the semiconductor manufacturing device, 
so that an alarm is given to notify that an error 
exists in the process conditions in step S118. 

If it is determined that each component of 
5 the exhaust gas is not to be compared with the 

reference value, it is then determined whether the 
flow rate of the exhaust gas is to be checked in 
step S122. If it is determined that the flow rate 
is to be checked, the flow rate of the entire 

10 exhaust gas is measured and then compared with a 

reference value, so as to determine whether the flow 
rate is in a tolerable range in step S124. If the 
flow rate of the exhaust gas is outside the 
tolerable range, a signal indicating an error in the 

15 process conditions is sent to the process device so 
as to give an alarm in step S126. If the flow rate 
of the exhaust gas is within the tolerable range, 
the monitoring device 20 is put in the measurement 
waiting state in step S120. 

20 In the above described manner, the 

components of the exhaust gas are analyzed by a 
Fourier-transform infrared spectroscope (FT-IR) 
immediately after the exhaust gas is exhausted. If 
the amount of each component of the exhaust gas is 

25 outside the normal range, an error is detected from 
the process conditions, and a signal indicating an 
error is outputted. With the alarm unit that gives 
an alarm in accordance with the signal indicating an 
error, the fact that there is an error existing in 

30 the process conditions can be instantly notified to 
an operation manager of the semiconductor 
manufacturing device . 

As the Fourier-transform infrared 
spectroscope (FT-IR)' can analyze the components of 

35 the exhaust gas in a short period of time, an 

exhaust gas analysis can be made during a 1-lot 
wafer process in the semiconductor manufacturing 
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"device. If there is a change in tne process 
conditions during the 1-lot wafer process and the 
change is not within the tolerable range, an alarm 
is immediately given to stop the operation of the 
semiconductor manufacturing device and correct the 
process conditions. Unlike the prior art in which 
1-lot wafers is examined and analyzed to determine 
whether a process has been properly performed on the 
wafer after the process on the wafer is completed, 
an error in the process conditions is detected 
without delay, and the process conditions can be 
corrected during the process on the 1-lot wafers. 
Accordingly, a further processing on the wafer under 
the abnormal process conditions can be prevented, 
and production of wafers having defects can be 
avoided. 

In this embodiment, the error detection is 
carried out based on a change in each component of 
the exhaust gas generated as a result of a process, 
instead of the error detection by directly 
monitoring each item of the process conditions. By 
doing so, all changes in the process conditions can 
be monitored at once, and the process conditions can 
be efficiently controlled. For instance, if the 
flow rate of a gas component amount the process 
conditions is outside a predetermined tolerable 
range, another gas component can compensate for the 
error, and the entire operation can be performed 
under the normal process conditions. The process 
conditions, such as the flow rate, the pressure, and 
the temperature of each process gas, are closely 
interrelated with each other, and therefore a change 
in one of the process conditions affects the other 
process conditions. 1 If each of the process 
conditions is monitored separately from one another 
in such a case, merely an item outside the tolerable 
range of the process conditions leads to a decision 
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that an error exists in the process" conditions , even 
though a normal operation is being performed as a 
whole, i.e., a normal wafer is being manufactured. 
In this embodiment, however, each gas component 
5 result is compared with the exhaust gas components 
obtained from a normal process, so as to determine 
whether the process conditions maintain the normal 
tolerable range as a whole. In this manner, a 
process error can be detected suitably in practical 

10 use, and unnecessary detection of a process error 
can be avoided. 

Next, the explanation moves on to a second 
embodiment of the present invention. 

FIG. 10 is a block diagram showing the 

15 entire structure of a semiconductor manufacturing 
system that includes a process exhaust gas 
monitoring device 80 in accordance with the second 
embodiment of the present invention. In FIG. 10, 
the same components as in FIG. 2 are denoted by the 

20 same reference numerals as in FIG. 2, and 

explanation for those components will be omitted 
from the following description. 

The monitoring device 80 of this 
embodiment has the same structure as the monitoring 

25 device 20, except for the addition of an APC 

controller 82. The APC controller 82 receives 
process information from a process device, and 
supplies the information to the FT-IR valve 
controller 30. The APC controller 82 also has a 

30 function of displaying and recording exhaust gas 

component analysis results. In this embodiment, the 
analysis result of each exhaust gas component is 
compared with a reference analysis result, so as to 
display the information as to which item of the 

35 process conditions should be corrected. 

As shown in FIG. 10, the APC controller 82 
is interposed between the process device controller 
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U and the FT-TTC vsrTve cuntTotler 50", -so -as to 
receive and store various information on a wafer 
process from the process device controller 4, and to 
supply necessary information for exhaust gas 
sampling to the FT-IR valve controller 30. The APC 
controller 82 also receives the exhaust gas 
component analysis results from the FT-IR valve 
controller 30, and then displays and records the 
results . 

FIG. 11 shows the monitoring function of 
the monitoring device 80. The process device 
controller 4 of the semiconductor manufacturing 
device supplies various information (device 
information) concerning wafer processing to the 
monitoring device 80. In accordance with the device 
information, the monitoring device 80 performs 
various operations. The operations to be performed 
by the monitoring device 80 include a process gas 
monitoring operation, a gas flow rate checking 
operation, a moisture content checking operation, a 
preparatory maintenance support operation. The 
device information to be supplied from the process 
device controller 4 to the monitoring device 80 
includes a chamber number, a lot number, a lot 
process start time, an etching start time, a lot 
process end time, a gas flow rate check start time, 
a process gas name, a flow rate of process gas, 
moisture content check start time, a cleaning end 
time, and a discharge time. 

Referring now to FIGS. 12 through 14, the 
operations to be performed by the monitoring device 
80 will be described in detail. 

Referring to FIG. 12, the process 
monitoring operation will be first described. FIG. 
12 shows the operation of each component of the 
monitoring device 80 when the process monitoring 
operation is performed. 
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As the process device controller 4 
notifies the APC controller 82 in the monitoring 
device 80 of a process start, the APC controller 82 
starts monitoring the process. In the example shown 
5 in FIG. 12, an automatic monitoring function is on, 
and the FT-IR valve controller 30 is in the remote 
mode. The Fourier-transform infrared spectroscope 
26 is in remote control. The process device 
controller 4 then sends information, such as the 

10 chamber number of the chamber being monitored, the 
lot number of the wafer being processed, and the 
time at which the process of the lot is started, to 
the APC controller 82 in the monitoring device 80. 
As the process on the wafer No. 1 is started in the 

15 process device, the wafer number and a process start 
signal are sent to the APC controller 82. Here, it 
is assumed that the process on the wafer carried out 
in the process chamber is an etching process. 

The APC controller 82 then sends the 

2 0 chamber number of the chamber on which the etching 

process to be monitored is carried out for the FT-IR 
valve controller 30. In the example shown in FIG. 
12, the wafer No. 1 is processed in the chamber No. 
X. Accordingly, the Fourier-transform infrared 

25 spectroscope 26 sends an instruction to the valve 

box 24 to open the open-close valve (equivalent to a 
corresponding one of the open-close valves 40-1 
through 40-4 shown in FIG. 4) corresponding to the 
chamber No. X. 

30 In compliance with the instruction, the 

open-close valve is opened, and the process exhaust 
gas from the chamber No. X is supplied to the 
Fourier-transform infrared spectroscope 26. The 
Fourier-transform infrared spectroscope 26 analyzes 

35 the components and the flow rate of the process 

exhaust gas, and sends the analysis data to the FT- 
IR valve controller 30. The FT-IR valve controller 
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30 in turn compares the airal y s i s r dara" w±t h a 
reference value to determine whether the analysis 
data is in a tolerable range based on the reference 
value. The comparison result is sent to the APC 
5 controller 82, and is then displayed and recorded. 

The etching process for the wafer No. 2 is 
then started in the process chamber No. X in the 
same manner as the above described process for the 
wafer No. 1. More specifically, the open-close 

10 valve corresponding to the chamber No. X is opened, 
and the process exhaust gas from the chamber No. X 
is sampled and subjected to analysis. The analysis 
data is sent to the FT-IR valve controller 30, which 
then compares the analysis data with a reference 

15 value. The comparison data is sent to the APC 

controller 82, and is then displayed and recorded. 

While the wafers of a single lot are 
processed one by one, the components of the process 
exhaust gas are monitored, and are displayed and 

20 recorded by the APC controller 82 in the above 
described manner. After the processing of the 
wafers of a single lot is completed, the APC 
controller 82 stores lot data containing the 
analysis data and the comparison data of each wafer 

25 in a predetermined memory device. 

FIG. 13 shows the operation of each part 
of the monitoring device 80 when a gas flow rate 
checking operation is performed. 

As the process controller 4 issues an 

30 instruction to perform a gas flow rate checking 

operation, the APC controller 82 determines whether 
the flow rate of each gas contained in the exhaust 
gas exhausted from the process chamber that is not 
operating is in a noxmal range. In other words, the 

35 APC controller 82 determines whether the flow rate 
of each process gas supplied to the process chamber 
is in the normal range. Here, the FT-IR valve 



-39- 



cdritrolT/er 30 Is In the remote mode, ancl the 
Fourier-transform infrared spectroscope 26 can be 
remotely controlled. 

First, the process device controller 4 
sends the chamber number of the process chamber to 
be checked and a flow rate check start signal to the 
APC controller 82. Here, the chamber number of the 
process chamber to be checked is "XV The process 
device controller 4 also notifies the APC controller 
82 of the name of each process gas. 

The APC controller 82 records the date and 
time for starting the flow rate checking operation, 
and sends the chamber No. X and a flow rate check 
start signal to the FT-IR valve controller 30. The 
FT-IR valve controller 30 controls the valve box 24 
to open the open-close valve corresponding to the 
chamber No. X (among the open-close valves 40-1 
through 40-4 shown in FIG. 4) . As the open-close 
valve corresponding to the chamber No. X is opened, 
the process gas supplied to the chamber No. X is 
supplied directly to the Fourier-transform infrared 
spectroscope 26. The Fourier-transform infrared 
spectroscope 2 6 then analyzes the components of the 
process gas and determines the flow rate of each gas 
component . 

The analysis data obtained by the Fourier- 
transform infrared spectroscope 26 is sent to the 
FT-IR valve controller 30, which then compares each 
gas component with a predetermined set value. The 
comparison results are sent to the APC controller 82, 
which displays and records the comparison results 
with the gas names provided by the process device 
controller 4. 

FIG. 14 shows the operation of each part 
of the monitoring device 80 when a moisture content 
checking operation is performed. 

As the process device controller 4 issues 
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an iwsrtTti'c'tri'cra "to p^rf-orm a irroirstxire " content 
checking operation, the APC controller 82 determines 
whether the moisture content in the exhaust gas 
exhausted from the process chamber that is not 
5 operating is within a normal range. In other words, 
the APC controller 82 determines whether a certain 
amount of moisture remains in the process chamber. 
Here, the FT-IR valve controller 30 is in the remote 
mode, and the Fourier-transform infrared 

10 spectroscope 26 can be remotely controlled. 

The process device controller 4 first 
sends the chamber number of the process chamber to 
be checked and a moisture content check start signal 
to the APC controller 82. Here, the chamber number 

15 of the process chamber to be checked is n X" . 

Upon receipt of the moisture content check 
start signal, the APC controller 82 records the date 
and time for starting the moisture content checking 
operation, and supplies a moisture content check 

20 start signal, as well as the chamber number "X", to 
the FT-IR valve controller 30. The FT-IR valve 
controller 30 in turn controls the valve box 24 to 
open the open-close vale corresponding to the 
chamber No. X (among the open-close valves 40-1 

25 through 40-4 shown in FIG. 4) . As the open-close 

valve corresponding to the chamber No. X is opened, 
the process gas supplied to the chamber No. X is 
supplied directly to the Fourier-transform infrared 
spectroscope 26. The Fourier-transform infrared 

30 spectroscope 26 analyzes the process gas and 

determines the moisture content in the process gas. 

The analysis data obtained by the Fourier- 
transform infrared spectroscope 26 is sent to the 
FT-IR valve controller 30, and then is compared with 

35 a reference moisture content value. The comparison 
result is sent to the APC controller 82, which then 
displays and records the moisture content in the 
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process chamber. 

FIG. 15 shows the operation of the APC 
controller 82 of the monitoring device 80 when a 
preparatory maintenance support operation is 
performed . 

The maintenance of each process chamber 
needs to be carried out at regular intervals. For 
instance, each process chamber needs to be cleaned 
at regular intervals, the shield ring of each 
process chamber needs to be changed for a new one at 
regular intervals, and the electrode of each chamber 
need to be changed for a new one at regular' 
intervals. To carry out the maintenance, the APC 
controller 82 edits and holds the operation history 
15 of each process chamber. After a predetermined 

period of operation time has passed, a massage is 
displayed on the display screen so as to prompt the 
operator of the device to carry out the maintenance. 

In the example shown in FIG. 15, the 
maintenance of each process chamber of a plasma 
process device is carried out. The process device 
controller 4 first sends information concerning the 
maintenance of each process chamber to the APC 
controller 82. In the example shown in FIG. 15, the 
25 maintenance information includes the time intervals 
for cleaning each chamber, the time intervals for 
changing shield rings, and the time intervals for 
changing electrodes. 

Based on the maintenance information, the 
30 APC controller 82 accumulates the operation time of 
each process chamber, and stores the accumulated 
time as information. In the example shown in FIG. 
15, the operation time of each process chamber is 
equal to the discharge time of the electrode of the 
35 process chamber. Accordingly, the APC controller 82 
determines the discharge time of each process 
chamber from the discharge time information supplied 
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from the -process device ccrrrtr-crlirer and" then" 
accumulates the discharge times. 

More specifically, in accordance with lot 
process contents (process contents information for 
the wafers in a single lot) supplied from the 
process device controller 4 for the process chamber 
No. X, the APC controller 82 recognizes the 
discharge time necessary for a process to be carried 
out. Every time an etching process is started for a 
wafer in the lot, the discharge time is accumulated. 
The discharge time is measured for each of the 
maintenance items including the cleaning of the 
process chamber No. X, the changing of shield rings, 
and the changing of electrodes. The accumulated 
discharge time is then recorded. 

When the accumulated discharge time for 
each maintenance item reaches a predetermined time, 
the APC controller 82 displays a message to prompt 
the operator of the device to carry out the 
maintenance . 

Referring now to FIGS. 16 through 20, the 
above process monitoring operations will be 
described in greater details. In the process 
monitoring operations, items to be corrected among 
the process conditions are determined based on the 
fluctuations of the flow rates of gas components 
contained in the process exhaust gas. Here, the 
process device is an RF plasma process device, and 
the exhaust gas components to be analyzed are C 2 H 6 , 
C 2 F 4 , SiF 4 , and CH 4 . 

FIG. 16 is a graph showing the 
fluctuations of the flow rates of the exhaust gas 
components when the pressure in a process chamber 
fluctuates. As the pressure in the process chamber 
decreases from a predetermined point, the flow rate 
of C 2 F 6 increases, while the flow rates of C 2 F 4 , SiF 4 
and CF 4 remain substantially unchanged. As the 
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pressure in the process chamber increases from the 
predetermined point, the flow rate of C 2 F 4 decreases, 
the flow rate of SiF 4 dramatically increases, and 
the flow rates of C 2 F 6 and CF 4 remain substantially 
5 unchanged. 

FIG. 17 is a graph showing the 
fluctuations of the flow rates of the exhaust gas 
components when the RF power supplied to the process 
chamber fluctuates. As the RF power in the process 

10 chamber decreases from a predetermined point, the 
flow rate of C 2 F 6 increases, the flow rate of C 2 F 4 
remains substantially unchanged, the flow rate of 
SiF 4 dramatically decreases, and the flow rate of 
CF 4 dramatically increases. As the RF power 

15 supplied to the process chamber increases from the 

predetermined point, the flow rate of C 2 F 4 decreases, 
the flow rate of SiF 4 dramatically increases, the 
flow rate of CF 4 dramatically decreases, and the 
flow rate of C 2 F 6 remains substantially unchanged. 

20 FIG. 18 is a graph showing the 

fluctuations of the flow rates of the exhaust gas 
components when the flow rate of C 5 Fa among the 
process gases supplied to the process chamber 
fluctuates. As the flow rate of CsFa supplied to 

25 the process chamber decreases from a predetermined 
point, the flow rate of C 2 F 6 decreases, the flow 
rate of C 2 F 4 dramatically decreases, the flow rate 
of SiF 4 remains substantially unchanged, and the 
flow rate of CF 4 dramatically decreases. As the 

30 flow rate of CsF 8 supplied to the process chamber 
increases from the predetermined point, the flow 
rates of C 2 F 6 and C 2 F 4 increase, and the flow rates 
of SiF 4 and CF 4 dramatically increase. 

It is apparent from the above graphs that 

35 the fluctuation of the flow rate of each exhaust gas 
components has a specific tendency, with the inner 
pressure, the RF power, and the flow rate of the 
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process gas rc 5 F 8 / being parameters. 

FIGS. 19A through 19D are graphs showing 
the flow rate fluctuations of the exhaust gas 
components and the tolerable ranges thereof, with 
5 respect to the parameters. 

FIG. 19A shows the flow rate fluctuation 
of CF 4 with the parameters. In FIG. 19A, the 
tolerable range is set based on a flow rate 
reference value (Base) , as indicated by the slanting 
10 lines. When the inner pressure of the chamber 
decreases (indicated by "Low") or increases 
(indicated by "Hi") , the flow rate of CF 4 remains 
substantially unchanged and stays within the 
tolerable range. When the RF power decreases (Low), 
the flow rate of CF 4 increases to a point outside 
the tolerable range. When the RF power increases, 
the flow rate of CF 4 decreases, but remains in the 
tolerable range. If the flow rate of the gas (C S F 8 ) 
decreases (Low) , the flow rate of CF 4 dramatically 
decreases to a point outside the tolerable range. 
If the flow rate of the gas increases (Hi), the flow 
rate of CF 4 dramatically increases to a point 
outside the tolerable range. In FIG. 19A, the black 
squares indicate the CF 4 flow rates within the 
tolerable range, and the white squares indicate the 
CF 4 flow rates outside the tolerable range. 

FIG. 19B is a graph showing the flow rate 
fluctuation of SiF 4 with respect to the parameters, 
which is plotted in the same manner as the graph of 
30 FIG. 19A. The flow rate of SiF 4 increases to a 

point outside the tolerable range, when the chamber 
inner pressure is "Hi". When the RF power is "Hi" 
or the gas flow rate is "Hi", the flow rate of SiF 4 
also increases to a point outside the tolerable 
35 range. If the RF power is "Low", the flow rate of 
SiF 4 decreases to a point outside the tolerable 
range. 
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FIG. 19C is a graph showing the flow rate 
fluctuation of C 2 F 4 with respect to the parameters, 
which is plotted in the same manner as the graph of 
FIG. 19A. The flow rate of C 2 F 4 decreases to a 
5 point outside the tolerable range, when the chamber 
inner pressure is "Hi". When the RF power is "Hi* 
or the gas flow rate is "Low", the flow rate of C 2 F 4 
decreases to a point outside the tolerable range. 

FIG. 19D is a graph showing the flow rate 

10 fluctuation of C 2 F 6 with respect to the parameters, 
which is plotted in the same manner as the graph of 
FIG. 19A. The flow rate of C 2 F 6 increases to a 
point outside the tolerable range, when the chamber 
inner pressure is "Low". When the RF power is "Low" 

15 or the gas flow rate is "Hi", the flow rate of C 2 F 6 
also increases to a point outside the tolerable 
range. When the RF power is "Hi" or the gas flow 
rate is "Low", the flow rate of C 2 F 6 decreases to a 
point outside the tolerable range. 

20 FIG. 20 shows the analysis results 

obtained from the graphs of FIGS. 19A through 19D. 
As shown in FIG. 20, when the chamber inner pressure 
is "Low", the flow rates of CF 4 , SiF 4 , and C 2 F 4 are 
within the tolerable range, but the flow rate of 

25 C 2 F 6 is outside the tolerable range. Here, a 
recognition signal is generated, with "0" 
representing a case where the flow rate is within 
the tolerable range, and "1" representing a case 
where the flow rate is outside the tolerable range. 

30 Accordingly, when the chamber inner pressure is 
"Low", the recognition signal is "0001". 

When the chamber inner pressure is "Hi", 
the flow rates of CF 4 and C 2 F 6 are within the 
tolerable range, but the flow rates of SiF 4 and C 2 F 4 
35 are outside the tolerable range. Here, a 
recognition signal is generated, with "0" 
representing a case where the flow rate is within 



-46- 



the tolerable range, and "1" representing a case 
where the flow rate is outside the tolerable range 
Accordingly, when the chamber inner pressure is "li- 
the, recognition signal is "OHO". 
5 Likewise, when the RF power is «Low" the 

recognition signal is -1101". when the RF power is 
"Hi", the recognition signal is -Olil-. when the 
flow rate of the gas (C 5 F 8 ) is "Low", the 
recognition signal is -1011- . when the gas flow 
L0 rate is -Hi", the recognition signal is "1111". 

The recognition signal generated when a 
parameter is -Low" is different from the recognitio 
signal generated when the same parameter is -Hi- 
More specifically, the recognition signal generated 
5 when the chamber inner pressure is -Hi" is differen 
from the recognition signal generated when the 
chamber inner pressure is -Low" or when any other 
parameter is -Low" or -Hi". Accordingly, when the 
recognition signal «0001- is generated, there is a 
high possibility that the chamber inner pressure ha- 
decreased, and, therefore, whether the chamber innei 
pressure has decreased should be checked. 

However, since the process conditions in 
the process chamber are complicatedly interrelated 
with one another, the recognition signal -00.01- 
might be generated when the chamber inner pressure 
is not "Low-. Therefore, it should be noted that 
the assumption made from the recognition signal 
"0001- only indicates a high possibility that the 
chamber inner pressure might need to be corrected, 
and does not necessarily indicate the item to be 
corrected. 

In this embodiment, the correction item 
presumed from the recognition signal is display d on 
the display screen of a semiconductor manufacturing 
device or the monitoring device 80, so as to notify 
the operation manager of the item that need to be 
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corrected. If the recognition signal n 0001" is 
generated by a process monitoring operation of the 
monitoring device 80 during an operation of the 
semiconductor manufacturing device, it is determined 
5 that an error has occurred in the process conditions 
for the semiconductor manufacturing device (or the 
process chamber) , and that the process will leads to 
a defective wafer. Accordingly, the fact that an 
error exists in the process conditions is displayed 

10 on the display screen of the semiconductor 

manufacturing device or the monitoring device 80, so 
as to prompt the operation manager to perform a 
correction operation . 

As well as the existence of an error, the 

15 item should be corrected is displayed in accordance 
with the recognition signal. If the recognition 
signal is *0001", there is a high possibility that 
the chamber inner pressure has decreased, and a 
message such as *check the chamber inner pressure 

20 for a decrease" is displayed on the display screen. 
When receiving the notification of the error in the 
process conditions, the operation manager of the 
semiconductor manufacturing device checks the 
chamber inner pressure in accordance with the 

25 message displayed on the display screen. If it is 
found that the chamber inner pressure has actually 
decreased, the operation manager adjusts the chamber 
inner pressure to return to a normal level. 

When an error in the process conditions is 

30 notified, the display device immediately tells which 
item has a high probability of having an error. 
Thus, the cause of the error can be more effectively 
spotted in a short time, compared with a case where 
the items of the process conditions are checked one 

35 by one. 

When the gas flow rate of CsF 8 is too high, 
the recognition signal "1111" is generated, as shown 



in FIG. 20. In this case, there is a very low 
possibility that there is a cause other than the 
high flow rate of CsF 8 . Accordingly, when the 
recognition signal "1111" is generated, a signal is 
transmitted from the monitoring device 80 to the 
controller 4 of the semiconductor manufacturing 
device so as to reduce the flow rate of CsF 8 . 

If it can be confirmed that the error in 
the process conditions is caused by one item, the 
item can be automatically controlled to eliminate 
the error. Such an automatic control operation can 
be applied to any error in the process conditions 
(with any recognition signal) , if the cause of each 
error in the process conditions is accurately 
spotted by accumulating and processing the analysis 
data on a statistical basis. 

It should be noted, that the above 
parameters (the chamber inner pressure, the RF power, 
the flow rate of C 5 F 8 ) are merely an example, and 
other various items of process conditions can be 
employed as parameters. Also, the gas components 
(CH 4 , SiF 4 , C 2 F 4 , and C 2 F 6 ) of the exhaust gas to be 
analyzed are merely an example, and any other gas 
components can be subjected to gas component 
analysis. Parameters and types of gas components to 
be analyzed should be suitably selected, so that the 
cause of each error in the process conditions can be 
accurately presumed . 

The analysis result of exhaust gas 
components under various process conditions are 
accumulated, so that the cause of an error in the 
process conditions can be more accurately presumed. 
In this embodiment, the Fourier-transform infrared 
spectroscope (FT-IRT that can analyze gas components 
at a high speed is employed to monitor changes in 
the process conditions without delay. With such a 
Fourier-transform infrared spectroscope (FT-IR) , the 
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analysis results can be readily accumulated in a 
short period of time. 

Next, the explanation moves on to a third 
embodiment of the present invention. In the third 
embodiment, analysis results from the monitoring 
device of the second embodiment are accumulated and 
used in various control operations. 

More specifically, a Fourier-transform 
infrared spectroscope (FT-IR) is incorporated into 
each semiconductor manufacturing device that 
generates exhaust gas during an operation, such as 
plasma etching device. In such a device, the 
component analysis data of the exhaust gas are 
accumulated, and the accumulated data are used for 
controlling the semiconductor manufacturing 
procedures or diagnosing a fault in the 
semiconductor manufacturing device . 

In the second embodiment of the present 
invention described above, a monitoring device 
including a FT-IR is incorporated into one or a 
plurality of semiconductor manufacturing devices. 
The gas components of exhaust gas are analyses 
without delay, so as to facilitate the control 
operation for the semiconductor manufacturing 
procedures. In the second embodiment, reference 
data produced in accordance with analysis data 
obtained beforehand is stored in the monitoring 
device. The reference data is compared with newly 
obtained analysis data, and the cause of a change 
the process conditions is presumed. 

In the third embodiment of the present 
invention, however, a monitoring device including 
FT-IR is incorporated into each semiconductor 
manufacturing device 1 that generates exhaust gas 
during an operation. The analysis data obtained 
from the monitoring device are accumulated and 
controlled at one place. The accumulated data are 
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then processed on a statistical basis to obtain 
practical data. The obtained results are then 
returned to each semiconductor manufacturing device. 

The place in which the analysis data are 
5 accumulated is provided by the manufacturer, which 
manufactures and ships the semiconductor 
manufacturing devices. In this case, a monitoring 
device may be incorporated into each semiconductor 
manufacturing device at the shipment stage. The 

10 place for accumulating the analysis data may be an 

analysis center that is provided by the manufacturer 
of the semiconductor manufacturing devices, for 
instance. A semiconductor manufacturing device that 
has been shipped to the market and already in 

15 operation promptly sends analysis data to the 

analysis center via a data communication network. 

FIG. 21 shows the entire structure of a 
semiconductor manufacturing device control system in 
accordance with this embodiment. 

20 In FIG. 21, each etching device 110 in 

operation at a semiconductor device manufacturer is 
connected to a monitoring device 100 including a FT- 
IR, and the analysis data obtained from the FT-IR 
are sent to an analysis center 200 via the Internet. 

25 The analysis data may be sent instantly during the 

operation of each etching device 110, or may be sent 
at regular intervals. For the operation to promptly 
reflect each gas analysis result, it is desirable to 
send the analysis data instantly to the analysis 

30 center 200 during the etching operation. Although a 
plurality of etching devices 110 are connected to 
the single monitoring device 100 in FIG. 21, each 
one etching device 110 may be connected to one 
monitoring device 100. 

35 Meanwhile, CVD devices 120 in operation at 

the semiconductor device manufacturer are also 
connected to a monitoring device 100 including a FT- 
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IR, and the analysis data obtained from the FT-IR 
are sent to the analysis center 200 via the Internet. 
The analysis data may be sent instantly during the 
operation of each CVD device 120 , or may be sent at 
5 regular intervals. For the operation to promptly 

reflect each gas analysis result, it is desirable to 
send the analysis data instantly to the analysis 
center 200 during the CVD operation. Although a 
plurality of CVD devices 120 are connected to the 

10 single monitoring device 100 in FIG. 21, each one 
CVD device 120 may be connected to one monitoring 
device 100. 

The etching devices 110 and the CVD 
devices 120 are examples of semiconductor 

15 manufacturing devices that generate exhaust gas 
during an operation. However, as long as the 
exhaust gas analysis can be made by a FT— IR, 
examples of semiconductor manufacturing devices are 
not limited to the etching devices and the CVD 

20 devices. 

When analysis data is sent from an etching 
device 110 or a CVD device 120 in operation, the 
analysis center 200 analyzes the analysis data. In 
the analysis center 200, analysis data sent from 

25 semiconductor manufacturing devices in operation at 
many semiconductor device manufactures are 
accumulated and managed under the categories of 
types or models of semiconductor manufacturing 
devices. In the analysis center 200, the 

30 accumulated analysis data are analyzed on a 
statistical basis, for instance, to produce 
practical information for operations and management 
of the semiconductor manufacturing devices. The 
analysis center 200 then sends the information 

35 obtained through the analysis to the transmitters of 
the analysis data via the Internet. 

The reference values for analysis data 
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comparison used in the monitoring device 80 of the 
second embodiment may be stored in the analysis 
center 200, so that the analysis center 200 can 
detect an error in the process conditions and then 
return the detection result to the monitoring device 
80 via the Internet. Here, accessory information 
that will be described later is also transmitted to 
the monitoring device 80, so as to provide useful 
information for the operation managers of the 
semiconductor manufacturing devices. 

For instance, the analysis center 200 
analyzes analysis data from a large number of 
etching devices 110 of the same model, and 
recognizes which part of each etching device 110 
often has a defect. The contents of the analysis 
data of the exhaust gas exhausted when the 
recognized part has a defect are stored in the 
analysis center 200. If the contents of analysis 
data newly received from one of the etching devices 
110 are the same as the contents of the stored 
analysis data, the analysis center 200 returns the 
defective part information, which indicates the part 
having a defect, to the transmitter of the analysis 
data. 

The monitoring device 100, which has 
received the defective part information, displays 
the part that is presumed to have a defect on the 
display screen. More specifically, the analysis 
center 200 calculates the mean time between failures 
(MTBF) of the semiconductor manufacturing devices of 
the same model, and returns the information 
concerning the part having a high possibility of 
failures to the transmitter of the analysis data. 

FIG. 22 shows an example of the display 
screen of each monitoring device 100 that has 
received the defective part information. 

In the example shown in FIG. 22, the 
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recognition signal generated from analysis data in 
the same manner as in the second embodiment is 
n 0001". In other words, the contents of the 
analysis data sent from the monitoring device 100 to 
the analysis center 200 indicate a high possibility 
that the process chamber pressure has decreased. 
After receiving the analysis data, the analysis 
center 200 transmits a recognition signal to the 
monitoring device 100. At the same time, the 
analysis center 200 provides the monitoring device 
100 with the information that is obtained from the 
accumulated information and indicates the parts 
having a possibility of causing a decrease in the 
chamber inner pressure in the descending order. 

In the above manner, the monitoring device 
100 indicates that an error has occurred in the 
process conditions in the left side of the display 
screen, as shown in FIG. 22. Here, a message is 
also displayed to indicate a high possibility that 
the error has been caused by a decrease in the 
chamber inner pressure, and to prompt the operation 
manager to check the chamber inner pressure for a 
decrease. Meanwhile, in the right side of the 
display screen, the parts having a possibility of 
causing a decrease in the chamber inner pressure are 
shown in the descending order. 

The operation manager, who has been 
notified of the error in the process conditions, 
looks at the left half of the display screen of the 
monitoring device 100, and recognizes that there is 
a high possibility of a decrease of the chamber 
inner pressure. The operation manager then looks at 
the right half of the display screen to instantly 
find out which items 1 (parts) should be checked when 
the chamber inner pressure actually decreases. In 
this manner, from the information provided by the 
analysis center 200, the operation manager of the 
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semiconductor manufacturing device can promptly 
obtain the information concerning the cause of the 
defect and countermeasures against the defect. 

The returning of the defective part 
information as the accessory information is merely 
an example of a function of the analysis center 200 
in this embodiment. More specifically, a database 
can be constructed based on the analysis data 
accumulated in the analysis center 200, and various 
types of accessory information can be transmitted to 
semiconductor manufacturing devices in operation, 
in this manner, useful information can be provided 
for the operation managers of the semiconductor 
manufacturing devices. 

In FIG. 21, an office 400 at which a 
process engineer is constantly stationed, and a 
device having a communication function such as a 
computer installed in a factory managing center 300, 
are also connected to the analysis center 200 via 
the Internet. In this structure, the information 
for notifying an error in the process conditions can 
be transmitted to the process engineer and the 
factory managing center, as well as to the 
semiconductor manufacturing devices, via the 
Internet . 

Furthermore, if a designated address is 
registered in advance, the information from the 
analysis center 200 and the analysis data from the 
monitoring device 100 can be automatically 
transmitted to the designated address. For instance, 
if the address of a process engineer is registered, 
the process engineer can check the operation state 
of each semiconductor manufacturing device and give 
a suitable instruction, even when he/she is on a 

i business trip. 

With the semiconductor manufacturing 

device control system of this embodiment, the 
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analysis data of the exhaust gas exhausted during a 
test operation by a semiconductor manufacturing 
device for demonstration are compared with the 
analysis data of the exhaust gas exhausted during an 
5 actual operation by a semiconductor manufacturing 
device. Referring further to the information 
supplied from the database containing accumulated 
analysis data, a benchmark for approximating the 
actual analysis data to the demonstration analysis 

10 data can be obtained. 

Alternatively, each semiconductor 
manufacturing device may be operated in a normal 
state at the time of shipment, so as to accumulate 
the analysis data of the exhaust gas. The 
15 accumulated analysis data are compared with the 
analysis data obtained when the semiconductor 
manufacturing device is first operation since the 
arrival at the customer. By doing so, the 
information for solving a problem due to the 
20 difference in the environmental conditions between 
the client and the manufacturer can be obtained. 

There is a characteristic difference 
between each two semiconductor manufacturing devices 
(each device having intrinsic characteristics) . 
25 Because of this, the process results might be 
different from one another, even if the 
semiconductor manufacturing devices are operated 
under the same conditions. In this embodiment, the 
analysis data obtained from a large number of 
devices are accumulated and stored in a database, so 
that the differences between the process results due 
to the characteristic differences can be easily 
reduced. 

Also, there is a possibility that a toxic 
35 gas or an explosive gas is generated as a reactive 
product of the process gas. The information 
concerning such a reactive product is accumulated in 
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the database of the analysis center 200, so that the 
operation manager of the device can be promptly 
notified which countermeasures should be taken 
against the harmful reactive product. 

If a toxic gas is generated as a reactive 
product during an operation of a semiconductor 
Manufacturing device, the toxic gas is detected from 
the analysis data, and the operation manager of the 
semiconductor manufacturing device is promptly 
notified of the generation of the toxic gas At the 
same time, accessory information, such as which 
measures should be taken when a person inhales the 
toxic gas, can be sent to the operation manager. 
Alternatively, automatic access to a homepage 
showing accessory information of various types may 
be allowed, or the address of such a homepage may be 
displayed. It is also possible for the display 
screen to display the device in which the toxic gas 
has been generated, so as to show the escape guide 
to the people in the vicinity of the device. 

Also, the combinations of gases that might 
react and generate an explosive gas or a toxic gas 
at an exhaust duct provided at the exhaust end of 
the process chamber may be registered in the 
database, so as to notify the operation manager of 
the harmful combination of gases prior to the 
generation of a harmful reactive product. In this 
manner, accidents can be prevented in advance^ 

Although the analysis center 200 and the 
) semiconductor manufacturing devices (the monitoring 
devices 100) are connected via the Internet in the 
above described embodiment, the communication means 
is not limited to the Internet, but other various 
data communication means, such as a public telephone 
5 line network, E-mail communication, or Internet 
packet communication, can be used. 

Referring now to FIG. 23, a fourth 
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embodiment of the present invention will be 
described. 

FIG. 23 shows the structure of a process 
device 500 in accordance with the fourth embodiment 
of the present invention. The process device 500 
introduces process gas into an airtight process 
chamber to perform a predetermined operation on a 
semiconductor wafer that is a process object to be 
processed in the airtight process chamber. In FIG. 
23, the schematic view of the inner structure of a 
process chamber 510 is shown. 

As shown in FIG. 23, the process chamber 
510 of the process device 500 includes a gas supply 
mechanism 512 for supplying process gas to the 
process chamber 510 via a flow rate control device 
MFC , and a susceptor 518 to which a radio-frequency 
power source 516 is connected via a matching box 514. 
On the susceptor 518, a wafer W is placed. The 
process device 500 includes a gas source 520 for 
supplying process gas to the process chamber 510 a 
turbo pump 530 that is attached to the exhaust side 
of the process chamber 510 via a valve VI and 
exhausts the process gas from the process chamber 
510, a dry pump 540 that is placed on the downstream 
25 side of the turbo pump 530 via a valve V2 and 
reduces the pressure by further exhausting the 
downstream side of the turbo pump 530, and a cleaner 
device 550 that is placed on the downstream side of 
the dry pump 540 and performs predetermined 
operations, such as absorption and decomposition, on 
the gas components that should not be released to 

the external air. 

The process device 500 further includes a 
gas detector unit 600. The gas detector unit 600 
35 detects the gas concentration at a plurality of 

detection points in the process device 500. In the 
following, these detection points and the gas 
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detection unit 600 will be described in detail. 

To check for a gas leak or perform a 
maintenance operation, a plurality of detection 
points are set at locations where the gas 
concentration needs to be detected in the process 
device 500. In the example shown in FIG. 23, the 
detection points includes a detection point XI on 
the downstream side of the gas source 520, a 
detection point X2 on the downstream side of the 
flow rate control device MFC, a detection poxnt X3 
on the process chamber 510, a detection point X4 on 
the downstream side of the turbo pump 530, a 
detection point X5 on the downstream side of the dry 
pump 540, a detection point X6 at the cleaner device 
550 on the side of a first exhaust system 560, a 
detection point X7 at the cleaner device 550 on the 
side of a second exhaust system 570, and a detection 
point X8 at a work space 590 where the processes of 
the process device 500 are carried out. It should 
be noted that the arrangement of the detection 
points is not limited to the example shown in FIG. 
23, but may be modified if necessary. 

The gas detector unit 600 connects a 
Fourier-transform infrared spectroscope (FT-IR) 610 
and the plurality of detection points XI through X8 
in parallel, and includes a valve switch unit 620 
for switching the detection points connected to the 
FT-IR 610 at a predetermined timing, and a control 
unit 630 to which the information of each 
corresponding detection point is sent from the FT-If 
610 so as to perform predetermined control 

operations . 

As described above, the FT-IR 610 is 
capable of detecting a gas concentration at a 
5 resolution of 1 ppm or lower, which is sufficient a 
a gas detecting means. Also, by detecting the 
concentration of each gas, the absolute value of 
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each gas can be obtained with a precision of 0.1 cm 3 
(0.1 x 10" 6 m 3 ) or lower. 

The FT-IR 610 samples a part of the gas at 
each of the detection points XI through X8 to detect 
the gas concentration. Of the gas sampled by the 
FT-IR 610, the gas components that can be released 
to the external air are released through the first 
exhaust system 560, and the gas components that 
cannot be released to the external air are released 
through the second exhaust system 570 via the 

cleaner device 550. 

The control unit 630 not only controls the 
FT-IR 610 and the valve switch unit 620 in the gas 
detector unit 600, but also performs predetermined 
operations after receiving the information of each 
of the detection points XI through X8 from the FT-IR 
610. For instance, if a gas leak is detected at one 
of the detection points, the control unit 630 
performs an operation, such as gathering the gas 
amount observation data, controlling each component 
of the process device 500, or giving an alarm to the 
operator . 

With the process device 500 including the 
gas detector unit 600 for detecting the 
concentration of process gas at the plurality of 
detection points XI through X8 and the FT-IR 610 in 
the gas detector unit 600, the gas concentration can 
be detected with a high precision. Accordingly, 
even if a gas leak is caused, suitable measures can 

be taken promptly. 

Also, since the plurality of detection 
points XI through X8 are connected in parallel and 
are switched by the valve switch unit 620, the gas 
concentration at each of the detection points XI 
> through X8 can be detected by the single FT-IR 610. 
Thus, the gas concentration detecting operation can 
be performed with a high precision, while an 
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increase in the costs is prevented. 

Furthermore, since the detection point X8 
is set in the work space of the process device, a 
harmful toxic gas existing in the work space can be 
5 immediately detected and removed, so as to protect 
the operator from inhaling the toxic gas. 

As described above, the gas detector unit 
600 functions as a gas leak detecting means, 
detecting the gas flow rate at each of the detection 
10 points XI through X8 . The gas detector unit 600 

also functions as a device diagnosing means for the 
components of the process device 500 during an 
operation or maintenance or when a fault is caused, 
in the following, a diagnosing operation for the 
flow rate control device MFC will be described as an 
example of a device diagnosing operation performed 
by the gas detector unit 600." 

First, a predetermined amount of process 
gas is supplied from the gas source 520 to the flow 
rate control device MFC. The flow rate control 
device MFC then controls the flow rate of the 
process gas to be supplied to the process chamber 
510. With the valve switching by the valve switch 
unit 620, the FT-IR 610 detects the gas flow rate at 
the detection point X2 on the downstream side of the 
flow rate control device MFC, i.e., the flow rate of 
the process gas supplied to the process chamber 
under the control of the flow rate control device 

MFC - . • «. VO 

The information of the detection point X2 

is transmitted from the FT-IR 610 to the control 

unit 630. The control unit 630 then compares the 

flow rate of the process gas actually supplied to 

the process chamber 510 with the flow rate of the 

35 process gas to be supplied to the process chamber 

510 when the flow rate control device MFC is 

functioning properly, so as to obtain the difference 
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between the flow rates. The flow rate difference 
can be calculated for the process or each wafer W, 
or for every predetermined number of wafers W, or at 
regular intervals. If the flow rate difference is 
outside a predetermined tolerable range, it is 
determined that an error has occurred in the flow 
rate control device MFC, and a suitable operation is 
performed. In this case, the control unit 630 
performs operations including: 1) controlling the 
flow rate control device MFC to adjust the supply 
amount of the process gas; 2) notifying the operator 
or the manager of the error in the flow rate control 
device MFC by giving an alarm through a siren or the 
like; and 3) stopping the operation of the process 

device 500. 

Since the detection point X2 is set on the 
downstream side of the flow rate control device MFC, 
the control operation performed on the process gas 
by the flow rate control device MFC can be detected 
without delay, as described above. Accordingly, 
even if an unexpected error or fault is caused in 
the flow rate control device in operation, the 
suitable measures can be immediately taken. Also, 
since the gas detection unit 600 can be used during 
a maintenance operation, it is not necessary to 
employ a pressure sensor as in the above-described 
buildup. 

It should be noted that the inner 
structure of the process chamber and the arrangement 
of the valves are not limited to the structure 
described above, and may be modified if necessary. 
Also, the locations of the detection points may be 
changed with a modification in the structure of the 

process device. 

Although the device diagnosing operation 
for the flow rate control device is taken as an 
example of an operation by the gas detection unit in 
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the above description of this embodiment, the gas 
detection unit is not limited to this example, and 
may function as a, device diagnosing means for other 
components of the process device. For instance, the 
gas detection unit equipped with the FT-IR can 
perform operations, such as checking a change in the 
pressure atmosphere in the process chamber or 
checking the components of exhaust gas, with a high 
precision. In this manner, the gas detection unit 
equipped with the FT-IR can be widely used as a 
process analysis tool in accordance with the present 
invention. 

As described above, this embodiment 
provides a process device that introduces process 
gas into an airtight process chamber and performs a 
predetermined operation on a process object placed 
in the process chamber. This process device 
includes a gas detection unit, and this gas 
detection unit includes: a Fourier-transform 
infrared spectroscope; a switch unit that connects a 
plurality of detection points in parallel, and 
switches the detection points connected to the 
Fourier-transform infrared spectroscope at a 
predetermined timing; and a control unit that 
receives the information of the detection points 
from the Fourier-transform infrared spectroscope and 
then performs a suitable control operation. 

With the process device in accordance with 
this embodiment, gas concentration detection can be 
carried out with a high precision, while an increase 
in the costs is prevented. Accordingly, if there is 
a gas leak, suitable measures can be immediately 
taken to prevent a large gas leak, and the operation 
can be effectively protected from accidents. 
5 Even if there is an unexpected error or 

fault in the flow rate control device during an 
operation, suitable measures can be immediately 
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taken. Furthermore, this embodiment does not 
require any other device such as a pressure sensor 
for a maintenance operation. 

As described so far, in the present 
invention, the components of process exhaust gas are 
analyzed to presume that there is an error in the 
process conditions, and if it is determined that 
there is an error, a signal indicating a process 
error is outputted. In accordance with this signal, 
a notification of the error occurrence is sent to 
the operation manager of the device, prompting the 
operation manager to adjust the process conditions. 
The process exhaust gas is a product from an actual 
process carried out for the process object, and 
therefore reflects the actual process. Accordingly, 
compared with a case where each item of the process 
conditions prior to the process of the process 
object is adjusted to a target value so as to 
control the reaction with the process object, a more 
precise control operation for the process conditions 
can be performed by adjusting the process conditions 
based on the components of the process exhaust gas 
reflecting the actual reaction with the process 
object. 

Also, with the Fourier-transform infrared 
spectroscope employed as an analysis means having a 
very high analysis speed, analysis results can be 
obtained without delay, and the process for the 
object to be processed can promptly reflect the 
analysis results. For instance, if an error is 
caused in the process conditions during a process 
carried out for process objects in a single lot, the 
process can be immediately stopped, and the process 
conditions can be ad-justed to the normal state. In 
this manner, a continuous process on a number of 
process objects under the unsuitable process 
conditions can be prevented before too late. 
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Furthermore, in the present invention, the 
analysis data obtained from the analysis of exhaust 
gas components by the Fourier-transform infrared 
spectroscope are registered in the database of a 
5 data accumulation control unit via a data 

communication network. More specifically, the 
analysis data from various semiconductor 
manufacturing devices in actual operation at a 
device manufacturer are- immediately registered in 
10 the database. The analysis data are then analyzed 
based on the database, so that an error detecting 
operation for the process conditions can be 
performed with a high precision. The detection 
result is immediately sent to each corresponding 
15 semiconductor manufacturing device via the data 
communication network. In this manner, the 
operation manager of each semiconductor 
manufacturing device can be promptly notified of an 
error. 

20 with the accessory information, the 

operation manager of each semiconductor 
manufacturing device can also be provided with 
information concerning the error, and suitable 
measures can be immediately taken against the error 
2 5 or any danger accompanying the error. 

in accordance with the present invention, 
semiconductor manufacturing devices in operation at 
a factory of a semiconductor device manufacturer can 
be managed at an analysis center. In the analysis 
30 center, a database is constructed by gathering and 
accumulating analysis data supplied from the 
semiconductor manufacturing devices in operation at 
the semiconductor device manufacturer. Using this 
database, a high-precision managing operation can be 
35 performed for the semiconductor manufacturing 
devices . 



